using transcranial magnetic stimulation (TMS) and direct electrical current stimulation (tDCS) are at the root of progress in neurosciences. In order to remain relevant in science and to optimally translate research findings into clinical practice, psychiatrists increasingly need a conceptual appreciation of these neurobiological advancements in psychiatric illness. Evolving concepts of salience, cognitive control, emotional processing, social cognition, reward responsiveness and cognitive processes such as working memory as it pertains to psychiatric disorders need to be disseminated. Integration of new scientific discoveries into the current DSM-5 phenomenological classification systems will require time. 13 However, the latency for integration should not be a barrier to clinical application or dissemination of these concepts to psychiatric trainees or providers.
Psychiatry residents are required to learn the pharmacology of psychotropic medications; just as importantly, trainees need to learn how to use the current evidence base to support rational treatment decisions. [14] [15] [16] [17] [18] [19] In addition to recognizing validity and methodology of scientific publications, trainees also need to have solid foundational knowledge regarding neurobiological processes in order to understand and consume the rapidly expanding body of literature for becoming a life-long learner. 16, 17, [20] [21] [22] [23] While recent psychiatry residency education studies have highlighted the need for education in core areas of neuroscience and psychopharmacology, there is no profession-wide consensus on the best methods for imparting this knowledge onto residents. [24] [25] [26] The American Board of Psychiatry and Neurology/Accreditation Council for Graduate Medical Education (ABPN/ACG-ME) Milestone Project has incorporated milestones to measure training in neuroscience, psychopharmacology, and the incorporation of evidence-based practice into these two content areas. 27, 28 Neurobiologyis included in Medical Knowledge milestones such as MK-A3, which encompasses knowledge on neurobiological and genetic hypotheses of psychiatric disorders, identification of brain areas involved in social behavior and emotions, use of investigation techniques such as imaging,as well as incorporation of neuroscientific hypotheses into case formulations are to be key priorities. Patient Care milestones (i.e., PC-A3 and PC-A5) are designed to assess the trainee's ability for treatment planning and management and the pharmacology and therapeutic use of psychotropic. 24 In addition to addressing the developmental skills recognized as necessary in neurobiology, a contemporary curriculum should incorporate RDoC's cognitive neuroscience dimensions. [29] [30] [31] [32] [33] [34] Finally, in order to be successful, graduate medical education opportunities should optimally strive for being built on the principles of the adult learning theory. 19, 34, 35 A recent study found a prevalence of depressive symptoms among resident physicians globally to be 30%. 36 This calls for learning programs designed using adult learning theory and hence empowering learners while they learn.
Adult learning theory predicts better outcomes with active learning, and psychiatry residency programs that have moved away from didactic lectures to active educational exercises have demonstrated increased success and resident satisfaction. 15, [17] [18] [19] 22, 37 Engaging residents as teachers improves the resident-teacher's clinical knowledge, skills, and self-directed learning techniques, all likely important to clinician competence. 38 While keeping in mind the need for emphasizing the realtime integration of the best neuroscientific and psychopharmacological evidence, and with a goal of promoting active learning among residents, we developed a four-year biological psychiatry (BIOPSY) curriculum for the Duke University Hospital Psychiatry Residency training program.
METHODS

Program development and background
Since 2003, the Duke University Hospital Psychiatry Residency Training Program has protected a half-day per week for residents in all years of training, and the Biological Psychiatry (BIOPSY) course has been a cornerstone of the curriculum since then. In keeping with the training program's dedication to continuous programmatic assessment and improvement, the BIOPSY course is constantly evolving; changes have occurred over time in response to updates in ACGME requirements, the psychiatry milestones, scientific advancements, educational theories on learner behavior, and especially in response to feedback from resident exit interviews revealing mastery of core concepts and skills taught in BIOPSY is critical to their development. The curriculum has constantly evolved iteratively from year to year with a greater emphasis on psychopharmacology starting in 2011. Resident-led active learning and evidence based practice discussions were incorporated in 2012, and the addition of sessions aimed at neurobiology was introduced in the 2013-2014 academic year. For the 2014-2015 academic year, all of the aforementioned changes as well as multiple newly chosen topics were incorporated into the current four-year comprehensive curriculum.
Curriculum design
In its current form, the BIOPSY curriculum comprises three year-long courses for three separate resident groups: PGY1 residents, PGY2-PGY3 residents, and PGY4 residents. The class sessions occur on Thursday mornings for 80 minutes.
There are approximately 33 weeks total for BIOPSY classes during a given year. Given various combined sessions between classes, the course masters plan 55 unique class sessions annually. Nineteen class sessions include the entire residency program (all four years), 4 class sessions include only the PGY1s and PGY4s, and 1 class session includes the PGY2s, PGY3s, and PGY4s. The goal of the mixed resident sessions is to help foster interaction and teaching between residents. Group-specific class sessions also allow for targeted education topics to be given that is based on the resident group's current level of knowledge and clinical experience. Regardless of the topics being covered, residents are expected to come to class prepared to engage in the discussion and presenters were asked to make their classes interactive. Readings are assigned via email one-week prior to class which is maintained on a secure educational website.
The majority of the class sessions throughout the general psychiatry curriculum (approximately 5-8 sessions per each topic) pertain to five main clinical topics: schizophrenia, mood disorders, anxiety spectrum disorders, cognitive disorders, and addictions. Topics with less class time (3 sessions per each topic) include: sleep disorders, delirium, catatonia, toxidromes, personality disorders, and neurological disorders. Topics not covered during one academic year are included in the next year, such that curriculum topics repeat every 18-24 months. For example, in the 2014-2015 calendar year the PGY2-PGY3 course covered only two main topics, cognitive disorders and anxiety spectrum disorders, while the 2015-2016 year will include schizophrenia, mood disorders, and addictions.
Curriculum committee and selection of topics
Authors SS and AM are co-course masters for BIOPSY and maintain responsibility for determining the selection of topics, scheduling of sessions, and identification of relevant literature and topic content experts. Supplementary Table 1 (in the online-only Data Supplement) includes the 2014-2015 BIOPSY course calendars. The course for PGY1 residents is organized into "boot camps" centered on topics overviewing core brain anatomy, neurobiology, psychopharmacology, and treatment guidelines. Pivotal psychiatry trials including CATIE, CUT-LASS and STAR*D provide a strong foundational knowledge base on the fundamentals of neurobiology of psychiatric disorders, pharmacology of psychotropic medications, recognition and management of adverse effects, and the relevance of this to clinical trial outcomes and treatment guidelines.
The PGY2-PGY3 course is designed to expand on the knowledge gained during the BIOPSY courses in the PGY1 year and knowledge gained during clinical rotations to facilitate a deepening of residents' understanding of the neurobiology and treatment of psychiatric illness. Residents are taught to engage with the evidence base to support informed clinical decisions. The PGY2-PGY3 course is essentially designed with separate modules for each psychiatric disorder. For instance, one session within a module focuses on a non-scientific paper (NY Times, New Yorker), two to three sessions cover neurobiology and assessment, and three to four sessions cover psychopharmacology. Topics in this course repeat every two years with expert faculty members serving as both facilitators and presenters to help course masters identify relevant articles for discussion.
The course for the PGY4+ residents was developed from results using a "learning needs assessment" from senior residents that were eager to prepare for their post-residency careers and motivated to solidify good habits for lifelong learning and evidence-based practice during their final years of training. The PGY4+ course focuses exclusively on the real-time use of evidence-based practice in the clinic with discussions geared towards the "clinical pearls" of practice. Residents gain a deeper understanding of how to pose a clinical question, obtain appropriate articles, and appraise recent publications in the relevant literature base.
Feedback from graduates of the residency program has been used to prepare topics covered in all years from PGY1-4. The inclusion of "boot camps on neuroanatomy" was done based on such feedback given by graduates. Efforts have also been made to focus on psychopharmacology and neurobiology principles that can be used by trainees in daily clinical practice. Some additional topics that evolved from this feedback are weaning benzodiazepine dependent people off them, understanding neurobiology of stimulant action, principles of medication adherence and compliance, management of pain medication dosing and management of dementia. When examined broadly these are all practical and relevant topics that are encountered in daily practice, the relevant neurobiological mechanisms and evidence base is instrumental in forming foundational knowledge that trainees will need following residency training in psychiatry. Prevalence rates dictate that a large portion of dementia and schizophrenia patients are seen in outpatient or inpatient practices, thus a detailed understanding of neurobiology of schizophrenia including discussions on cognitive deficits, working memory challenges, and social cognition becomes extremely relevant. The neurobiology of posttraumatic stress disorder, anxiety disorders, mood disorders, and addiction, including that of suicide, are incorporated in generating discussions on relevant research literature using animal models and emotional processing tools for greater understanding of the psychopharmacologic bases of drug effects in these disorders. Critical appraisal of literature such as clinical drug trials requires exposure to discussions on evaluations on RCTs, systematic reviews and meta-analyses. On the whole the curriculum makes an attempt to cover topics in line with RDoC in featuring broad do-mains of reward, perception, sleep-wakefulness, social processes, and cognitive processes.
Curriculum topics, presenters, and technology
Several online application tools were used to help course masters identify curriculum topics with presenters, provide access to literature, and to bring presenters into the classroom via video conference when necessary. The relevant literature for chosen topics are gleaned from a variety of places including: online resources such as articles found in PubMed, treatment guidelines from the American Association of Psychiatry, chapters from the Textbook of Psychopharmacology, and articles in the New Yorker and New York Times.
Presenters come from a diverse group of talented and multidisciplinary individuals; they are recruited from both within and outside Duke University School of Medicine. There are approximately 42 unique presenters per course year. Presenters in 2014-2015 came from four different departments within the Duke School of Medicine and from 11 different institutions outside of Duke. Presenters usually are identified based on their expertise or reputation in a topic area. Skype is used to bring in presenters outside of Duke to lead class discussions for both resident-group specific and all-resident sessions. The use of Skype allows course masters to bring in leading experts, creates a greater variety of presenters, and gives the residents an opportunity to learn others' (non-Duke faculty) perspectives and to learn about clinical practice in another part of the United States or in another country. Practicing clinicians from the counties surrounding our institution also can be brought in to discuss "real-world" (non-academic) practice related issues. Presenters are strongly encouraged to use the majority of time to engage the residents in active learning (such as group case work, reflection, and posing challenging clinical questions) and classroom discussions.
Assessment
The protocol used to assess the effectiveness of the BIOPSY curriculum was submitted for review by the Duke University Hospital Investigation Review Board (IRB) and determined to be exempt as an investigation of an educational intervention. No protected health information or personal identifiers were maintained in any of the data used for the assessment.
At the beginning of the academic year a 30-question survey (with questions about demographics, career plans, and If asked to participate in a class discussion I would feel comfortable doing so † 68.4% 3.8±1.0; 4.0 goals and attitudes toward the curriculum) was administered. The "attitudinal" portion of the survey included 25 questions and was created by the study authors from similarly worded questionnaires published in educational research articles. The survey was administered yearly to assess for any changes in residents' attitudes toward the curriculum content or pedagogical approach. Residents and presenters were asked to complete weekly class evaluations to gauge their opinions toward each individual class session. Finally, the Duke Psychiatry Residency curriculum oversight committee, which meets monthly to discuss every course within the academic half day, provided feedback on the progress of each course.
Statistical analysis
All personally identifiable information was removed from measures prior to analysis. Summary statistics were conducted to assess survey data and quiz scores. Statistical analysis was performed using SAS ® , version 9.3 (SAS Institute, Cary, NC, USA).
RESULTS
Pre-curriculum assessments
Attitudinal survey
Thirty-eight out of 51 residents (75%) completed the attitudinal survey. Division of residents by year of training is 13, 7, 9, 8, 1 in the first, second, third, fourth and fifth years of training. There are 32 residents from categorical psychiatry residency and 6 from the combined medicine-psychiatry residency program. Among participants, 12 out of 38 residents (31.6%) had advanced academic degree. A large portion of residents who took the survey (10) anticipated becoming academic educators and 6 of them anticipated going into private practice. Table 1 contains residents' responses to demographic questions, while their responses to attitudinal questions are found in Table 2 . Greater than 90% of the psychiatry residents at Duke University taking the attitudinal survey agreed or strongly agreed with needing a course that helped them 
Question
Percentage of responders ≥3 mean±SD; median Residents' evaluation of weekly class sessions (N=137) I would feel confident communicating the information I learned today to my treatment team, colleagues and patients* 90.4% 3.0±0.5; 3.0 Prior to the class session today, how would you rate your understanding of the topic † 40.1% 2.4±0.9; 2.0 Now that the class session is over, please rate your understanding of the topic † 85.4% 3.2±0.7; 3.0 If today's class allowed for an open discussion (i.e. was NOT a lecture alone), how would you rate your participation † 75.2% 3.1±0.9; 3.0 Overall, I would rate today's class as † 83.2% 3.6±1.0; 4.0 *likert-type scale with 1 strongly disagree; 2 disagree; 3 agree, 4 strongly agree, † likert-type scale with 1 poor; 2 fair; 3 good; 4 very good, 5 excellent develop an understanding of neurobiology, psychopharmacology, and evidence-based practice concepts. Most residents also indicated a less than adequate understanding of the neurobiology and psychopharmacology of psychiatric disorders. Residents agreed or strongly agreed with statements supporting an active-learning approach to classroom learning, feeling responsible for their own learning and for their fellow residents' learning, and volunteering to contribute to a classroom discussion.
Weekly resident class evaluations
Residents completed a five question assessment with Likerttype responses for each weekly class session. A total of 137 evaluations were completed. Overall, following class completion, residents reported an increase in their level of understanding of a topic and felt confident communicating what they learned to others. The majority of residents indicated a high level of participation in classroom discussions and rated the class sessions from good to excellent. Table 3 contains residents' responses to these questions. Nearly 90% of residents felt they could communicate to the information they learnt to their colleagues, to patients and their relatives after the class. 85% felt they understood the topic much better after class.
DISCUSSION
We report successful implementation into a four-year psychiatry resident training curriculum that integrates core concepts of neurobiology, psychopharmacology, and evidencebased practice while also imparting skills that are essential to critical thinking and lifelong learning. Additionally, active learning pedagogy and use of varied online application tools facilitated the development of highly interactive class sessions, bringingcutting-edge research and world-renowned researchers and clinicians into the classroom, allowing presenters to share their expertise and experience. Based on findings from pre-curriculum attitudinal surveys, the topic areas covered in this curriculum are in-line with residents' self-identified learning deficits, while weekly post-class evaluations demonstrate the ability of residents to participate in their learning. The residents indicated that this trainingexperiencelead to an increase in their knowledge of topics, felt confident communicating what they learn to others, and highly rated the class sessions.
The gaps in implementation of an up-to-date psychopharmacology curriculum have been emphasized in educational literature. Specific concerns and limitations of traditional pedagogy include the inability of fixed syllabuses to address rapidly expanding concepts, which is essential for preparing the next generation of psychiatrists, in topics such as pharmacogenomics, precision medicine, and psychopharmacology. [39] [40] [41] [42] A survey of psychiatry chief residents revealed that nearly 80% did not feel that their training program prepared them for translating future neuroscience research findings into clinical practice, and the majority of respondents reported inadequate preparation to engage in discussions or research using RDOC. 43 Challenges to neuroscience education additionally centers on difficulties identifying a foundational curriculum and faculty experts to convey essential principles. 44 When surveyed, psychiatry department chairs across the country showed support for topics such as neural circuitry, emotional regulation, basic pharmacology, developmental neurobiology, reward systems, perceptual systems, and genetics. 45 The National Neuroscience Curriculum Initiative (NNCI), developed through collaboration between professional societies in 2014, provides online video resources that detail neuroscience formulations in psychiatric disorders which is presented by experts in the field. 21 When designing our program, we took into consideration and expanded on principles employed in recent documented educational program developments 22, 46 by including not only neurobiology and psychopharmacology but alsoemphasizing real-time application of their best evidence. We also worked to factor clinical relevance throughout our revised curriculum in order to incorporate feedback from alumni. In our institution, faculty are expected to provide a certain amount of "teaching" per year, and participation in the BIOPSY course helps faculty members meet the teaching expectation. Fortunately, faculty at our institution also were willing to abandon traditional didactic methodology in favor of more active learning strategies and incorporating neurobiology, psychopharmacology, and RDoC frameworks. In cases in which local faculty were not able to provide expertise on specific topics, experts were brought in through skype presentations.
Implementation of the BIOPSY curriculum required a few key elements to be successful, including protected time during training in which all four years of residents are available at the same time; faculty who are willing to facilitate sessions as "expert discussants" rather than didactic lecturers; residents who are able to prepare and facilitate discussions during some of the sessions; and protected time to permit course codirectors to plan and implement the course.
Course co-directors received a token of compensation for their participation in the course, though much of the overall effort is voluntary or in-kind. Over the years the course has achieved the best results when resident champions were engaged, involved, and proactive in terms of facilitating resident participation and helping to identify relevant topics and speakers.
Other key features to the success of the course include 1) relevance of topic discussions to clinical practice, maintaining clinical relevance, 2) engagement of the residents through active-learning teaching approaches, 3) encouraging residents to come prepared to discuss to the topic (and providing timely reminders with easy access to assigned readings), and 4) allowing presenters to facilitate resident discussion and share their clinical experience and content expertise.
It is recognized that the curricula from one institution, such as what we have developed, may be difficult to pick up and adapt "as-is" in another academic setting. However, the approach to incorporating discovery neurobiology, pharmacology, and evidence-based medicine principles into a foundational course designed to optimize active learning opportunities and provide trainees an ability to teach and further their own skills is one that other programs could adapt based on their own strengths and resources.
Future evaluation of the course might include strategies that incorporate comparative Psychiatry Residency In-Training Examination (PRITE) scores over time, end-of-year assessment of core concepts, or other measures of trainee performance (including, for instance, achievement of milestones within the core competency of Medical Knowledge), and post-graduate surveys. We anticipate continued evolution and improvement of the BIOPSY course we have detailed in this publication, which has become a cornerstone of a rich and integrated curriculum at Duke University.
Finally, psychiatry residency program may be different among individual country based on cultural background. It could be also influenced by the modification of training policy by government. For example, Korean government announcedto start the new residency program and thereby postgraduate medical students had to encounter the new residency training programwithout the internship from 2015. Anationwide survey for teaching psychiatrists and psychiatry residents who just finished the PsychiatryBoard Examination in 2013 was designed and conducted by the Korean Neuropsychiatric Association to ask the expected problems thatmight occur if the internship program were abolished, and some significant issues regarding residentrotation schedule to other departments. According to results, most responders felt the importance of psychosomatic medicine, neurology and internal medicine, emergency medicine, in particular, during 1st and 2nd year resident periods. It should be more hands-on clinical training through broad-based clinical exposure than Duke Psychiatry. This discrepancy may indicate that the need of psychiatry trainees may be also influenced and changed by diverse educational, social and political backgrounds among countries. 47 
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